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1
CAPILLARY TUBE CONNECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit under 35
US.C. § 119 to European Patent Application No.
15192417.2, filed on Oct. 30, 2015 and European Patent

Application No. 16158074.1, filed Mar. 1, 2016, the disclo-
sures ol which are incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to capillary tube connections, plugs
therefor and methods of connecting capillary tubes. The

invention can particularly but not exclusively be applied 1n
the field of High-Performance Liquid Chromatography

(HPLC).

BACKGROUND

In chromatography systems, liquids or gases are fed
through suitable connection lines between the components
of a system. These connection lines can be made, e.g., from
stainless steel, have available at their ends suitable connec-
tion systems, also called fittings, 1n order to be able to create
a tight connection with the connections of the components.

Such a connection system was already described in 1975
in U.S. Pat. No. 3,880,452. A capillary tube forming the
connection line between two components 1s pushed 1nto the
capillary tube receptacle opeming of a bushing umt or
connection unit and fixed in the bushing by means of an
attachment screw that has a central borehole for guiding the
capillary tube. For sealing, one or more sealing elements that
surround the capillary tube in their front end region are
pressed 1nto the capillary tube receptacle opeming that runs
conically nward by means of the attachment screw when the
capillary tube and bushing unit are connected. However, the
sealing position cannot be realized 1n the plane of the end
surface perpendicular to the longitudinal axis of the capillary
tube, but 1s 1instead offset to a certain rearward distance from
the end surface i1n the axial direction. In this way, a dead
volume 1s produced that has a disadvantageous eflect, espe-
cially 1in high-performance liquid chromatography (HPLC).

In the case of the extremely high pressures used in
high-performance liquid chromatography and in order to be
able to guarantee the tightness of such connections, sealing
clements are often used like those described, e.g., in U.S.
Pat. No. 4,619,4°73. This document involves annular sealing
clements that are, for a major part, likewise made from
stainless steel and that have, 1n the longitudinal section, a
conical profile of the outer diameter. Such a sealing element
interacts with a conical receptacle opening 1n the bushing
unit, wherein the conical receptacle opening has a larger
angle than the sealing element relative to the longitudinal
axis of the capillary tube. When 1n this configuration the
sealing element 1s pressed into the receptacle opening, an
extremely high, radially inward pressure 1s exerted by means
of an attachment screw onto the front region of the sealing
clement, so that the sealing position 1s realized. Through the
high pressure deformation of the sealing element and the
capillary tube can be generated, wherein the sealing element
1s pressed with 1ts front edge 1n an annular shape nto the
outer periphery of the capillary tube. Such a deformation 1s
unwanted, especially because the sealing element here 1s
connected to the capillary tube with a positive-fit and
non-positive-iit connection. The sealing element can no
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2

longer be easily shifted in the axial direction onto the
capillary tube. If the sealing connection is released and
should such a plug element be screwed 1nto another bushing
umt, e.g., because a component of the chromatography
system must be replaced, then, a tight connection can be
produced, However, due to tolerances or manufacturing-
dependent differences 1n the depth of the receptacle opening,
it cannot be taken for granted that the capillary tube applies
a force again with 1ts end surface on the end surface of the
line to be connected. If the receptacle opening of the bushing
umit of the exchanged component 1s longer in the axial
direction than the previously used component, then an
undesired dead volume 1s created. I the receptacle opening
for the capillary tube in the exchanged component i1s shorter
in the axial direction than the previously used component,
then the capillary tube 1s even deformed, possibly damaged,
by the pressure of the attachment screw, and a tight con-
nection 1s no longer possible 1n certain circumstances. This
1s because the sealing element mounted on the capillary tube
with a positive-fit and non-positive-fit connection cannot
move 1n the axial direction. However, in the case of such a
fitting, a small dead volume also can be hardly avoided, 1f
the end surfaces of the capillary tube and the line to be
collected are directly opposite each other or contact each
other, because the sealing position 1s not located in the
region of the end surface of the capillary tube or the line to
be connected.

In order to be able to compensate for such tolerances or
in order to be able to use connection systems of different
batches or manufacturers with one and the sample plug unat,
a self-adjusting plug for high-performance liquid chroma-
tography 1s described 1 U.S. Pat. No. 6,494,500 in which
the capillary tube 1s biased axially 1in the direction toward the
capillary tube receptacle openings of the bushing umt by
means ol a spring provided in the attachment screw. For the
seal, an exchangeable ferrule 1s used that, however, has a
conical construction again 1n 1ts front region and interacts,
for forming the seal, with an mmner wall of the ferrule
receptacle opening that has a more pronounced conical
construction. Here, there 1s the risk again that the ferrule 1s
“crimped tight” onto the capillary tube, especially when the
sealing element 1s made from a metal, for example, stainless
steel.

In addition, in this plug unit 1t 1s disadvantageous that a
support element for the screw spring must be mounted on the
capillary tube, wherein this support element makes the
production of such a plug unit more complicated.

For avoiding a dead volume, a unit 1s known from U.S.
Pat. No. 4,083,702 for connecting capillary tubes for gas
chromatography in which the capillary tubes are similarly
connected to each other with their end surfaces abutting. The
capillary tubes are fixed by means of annular elements that
are wedge shaped 1n the longitudinal section and that
interact with corresponding conical recesses 1n the connec-
tion housing. In this case, however, the seal 1s simpler
relative to a connection that 1s compatible with high-perfor-
mance liquid chromatography, because, 1n the case of gas
chromatography, the pressures that are used are significantly
lower, for example, by up to 6 bar. There 1s no flexibility
with respect to the use of the limit for different depths of the
capillary tube receptacle borehole.

In addition to the already mentioned disadvantages, the
known connection systems feature the disadvantage that the
risk arises that the sealing element remains 1n place in the
relevant receptacle opening of the bushing unit when the
plug unit 1s dismounted and the capillary tube 1s pulled out
from the bushing unit.
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In addition, the trend 1n high-performance liquid chroma-
tography 1s toward using thinner capillary tubes, because
these can be more easily bent to better adapt them to the
current installation conditions. Due to the production pro-
cess, thinner capillary tubes also feature smaller tolerances
in the inner diameter and smaller eccentricity of the inner
diameter.

For using capillary tubes with smaller outer diameters in
connection with conventional bushing unmits or connection
units, these are provided at the ends with a sleeve for
adapting the outer diameter to the diameter of the thicker
conventional capillary tubes. However, this represents an

additional expense and increases the dead volume of a
connection. In addition, in the case of an unfavorable

tolerance position, an additional dead volume between the
sleeve and capillary tube could also be created.

U.S. Pat. No. 9,134,283 B2, incorporated herein by reif-
erence, describes a plug unit and system for connecting
capillary tubes, especially for high-performance liquid chro-
matography, with a plug capillary tube projecting through a
hole of a plug housing, which 1s detachably connectable to
a bushing unit. The plug capillary tube front end projects
into a capillary tube receptacle in the bushing unit with 1ts
end face essentially aligned opposite a front end of a bushing
capillary tube or a bushing capillary passage opening of the
bushing limit, the end face of which 1s butted against. The
plug housing applies a force, with 1ts end face facing the
plug capillary tube end, directly or indirectly on an annular
sealing element surrounding the plug capillary tube 1n the
region ol the front end of the plug capillary tube such that
the front end of the plug capillary tube 1s sealed through
deformation of the sealing element against the capillary tube
receptacle opening.

U.S. Pat. No. 9,091,693 B3, incorporated herein by rei-
erence, describes a plug umt for connecting capillary tubes
that includes a plug housing that has an axial borehole, a
plug capillary tube that projects through the axial borehole,
and a sealing element that surrounds the plug capillary tube.
The front end of the plug capillary tube 1s sealed by an
clastic and/or plastic deformation of the sealing element
against the capillary tube receptacle opening of a bushing
unit. A hollow cylindrical pressure piece i1s provided that
surrounds the sealing element in an axial region facing away
from the end surface of the plug capillary tube, and the
pressure piece has a rearward end side that faces away from
the end surface of the plug capillary tube and that can be
loaded by the plug housing with an axial pressure force
when the plug unit and bushing unit are connected.

The present invention 1s directed to a capillary tube
connection for connecting capillary tubes, further advanta-
geously for high-performance liquid chromatography, which
can be used 1n a simple way for capillary tubes with different
outer diameters 1n connection with bushing units with con-
ventional diameters of receptacle openings. It can simulta-
neously offer the possibility of compensating different axial
tolerances of receptacle openings in bushing units. In addi-
tion, when the plug unit 1s dismounted, it can be avoided that
the sealing element detaches from the capillary tube and
remains 1n the bushing unit. The present invention 1s also
directed to a plug for such connection and a method for
connecting capillary tubes

SUMMARY

The present invention is specified in the claims as well as
in the below description. Preferred embodiments are par-
ticularly specified in the dependent claims and the descrip-
tion of various embodiments.

10

15

20

25

30

35

40

45

50

55

60

65

4

The present invention 1.a. relates to a plug for connecting,
capillaries. The plug can be composed of diferent elements
and components being assembled to an integral unit. A
capillary 1s meant to be a fine bore, and preferably means a
bore of not more than 500 um. Capillaries can be used 1n a

number of fields and the present mnvention can be applied in
the field of HPLC.

The plug can comprise at least one capillary tube com-
prising at least one first inner diameter or bore and an open
end section. Moreover, at least one generally plug-shaped
sealing can be provided comprising at least one second 1nner
diameter or bore. The sealing can have a first end section.
The first end section i1s generally directed towards the
capillary tube when being assembled. An opposing second
end section of the sealing can be provided which can be
generally directed away from the capillary tube to a bushing
when being assembled. The end sections can comprise a
portion or section of the sealing and a terminating surface or
face of the sealing.

At least one pressure piece can be provided and adapted
to exert at least axial pressure and/or force to at least a part
of the sealing towards the second end section of the sealing
and, in the finally assembled state, towards the bushing. The
pressure piece can be adapted to host at least the first end
section of the sealing 1n an aperture 1n abutment with the end
section of the capillary tube when being assembled. The first
inner diameter of the capillary tube and the second inner
diameter of the sealing are preferably aligned so that any
fluid can tlow through them.

The present invention comprises different aspects which
work alone and also 1n any combination. E.g., the sealing
can comprise the first end section of generally convex shape
adapted to seal the end section of the capillary tube when
connected. Convex means that any major concave portions
are not present. As will be seen there can be primarily minor
grooves 1n the outer circumierence of the sealing or can also
be present in the face of the first end section of the sealing
(not shown). Irrespective of this 1s the first end section of the
sealing considered convex. This 1s particularly 1in contrast to
the prior art showing major bores or cavities that would
arranged 1n sections corresponding to the first end section of
the sealing in the present invention, those major bores or
cavities according to the prior art hosting a considerable part
of an end section of a capillary tube.

The advantage of the present invention can be a compact,
less complicated and reliable sealing. The sealing can be
casier assembled, disposed and/or replaced by a new sealing.

An alternative or optionally additional aspect of the
invention comprises at least one sealing having a first end
section comprising a generally flat or tlat face adapted to seal
the end section of the capillary tube when connected. The
end face of the capillary tube can then also be provided
generally flat or flat so that the sealing abuts the capillary
tube 1 easy and reliable fashion.

The advantage of the present invention can be a compact,
less complicated and reliable sealing. The sealing can be
casier assembled, disposed and/or replaced by a new sealing.

An alternative or optionally additional aspect of the
present invention can be realized by the sealing comprising
at least one second 1nner diameter being at least 1n part larger
than the first inner diameter of the capillary tube when the
sealing 1s 1n an uncompressed state. In case the capillary
tube has one capillary or first inner diameter the sealing can
also have at least one second inner diameter.

The advantage of the present invention can be a compact,
less complicated and reliable sealing ensuring safe flow of
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fluid even when the sealing gets compressed during assem-
bly of the plug and/or during assembly to a bushing.

An alternative or optionally additional aspect of the
present invention can be at least one sealing comprising a
maximum diameter being larger than a maximum axial
length.

This can further contribute to the advantage of providing
a compact, less complicated and reliable sealing. The sealing
can be easier assembled, disposed and/or replaced by a new
sealing.

An alternative or optionally additional aspect of the
present invention can be realized by the sealing being of
generally annular shape and having at least one radial
groove and the pressure piece having at least one ridge
engaging the radial groove of the sealing. The groove and
ridge are not necessarily completely annular but can also be
sections thereof.

This can further contribute to the advantage of providing
a compact, less complicated and reliable sealing and a stable
and/or reliable fixing of the sealing 1n the plug, preferably 1n
the aperture of the pressure piece.

An alternative or optionally additional aspect of the
present mvention can be realized by the sealing being of
generally annular shape and having a radial ridge and the
pressure piece having a corresponding groove engaging the
ridge of the sealing. The groove and ridge are not necessarily
completely annular but can also be sections thereof.

This can further contribute to the advantage of providing
a compact, less complicated and reliable sealing and a stable
and/or reliable fixing of the sealing 1n the plug, preferably 1n
the aperture of the pressure piece.

Any combination of two or more of the aspects described
above and/or below can be provided as well.

According to an alternative or additional aspect the plug
the pressure piece 1s adapted to host at least the first end
section of the sealing 1n the aperture with an axial holding
force of at least 80 N, preferably at least 100 N, more
preferably at least 125 N, even more preferably at least 150
N. This can hold the sealing 1n the aperture 1n a manner so
that the sealing 1s not accidentally removed when the plug 1s
in the unassembled status or when 1t 1s removed out of a
bushing and the sealing may adhere even firmly to the
bushing. This can be obtained by a positive and/or elastic
and/or Irictional fitting between the sealing and the pressure
piece.

The second end of the sealing can axially extend over the
end section (43) of the pressure piece at least 0.2 mm,
preferably at least 0.3 mm, even more preferably at least
0.35 mm and/or at most 0.6 mm, preferably at most 0.5 mm,
more preferably at most 0.45 mm and most preferably 0.4
mm. This can allow suflicient elasticity and/or plastic defor-
mation to that the sealing or the part extending over the end
section of the pressure piece can elastically and/or plasti-
cally move radially outwardly when the plug 1s assembled.

The first inner diameter of the capillary tube can amount
to at least 10 um, preferably at least 20 um, more preferably
at least 30 um, more preferably at least 40 um, more
preferably at least S0 um, more preferably at least 100 um,
more preferably more than 200 pm.

The first inner diameter of the capillary tube can amount
to at most 500 um, preferably at most 400 um, more
preferably at most 300 um, more preferably at most 200 um.,
more preferably at most 100 um, more preferably at most 50
um, more preferably at most 30 um.

The second inner diameter of the sealing can amount,
particularly 1 an uncompressed state, can be at least 3%,
preferably at least 4%, preferably at least 5%, preferably at
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least 6%, more preferably at least 8%, more preferably at
least 10%, more preferably at least 12%, more preferably at
least 15%, more preferably at least 20%, even more prefer-
ably at least 30% 1n part larger than the first inner diameter
of the capillary tube. In part means at least one or more
sections of the second mnner diameter over its length, wher-
ever radial stress, pressure, compression, forces, elastic
and/or plastic deformation will happen or can be expected.

The largest diameter of the second inner diameter of the
sealing, particularly i an uncompressed state, can be at
most 100%, preterably 50%, more preferably at most 40%,
more preferably at most 30%, more preferably at most 20%,
more preferably at most 15%, more preferably at most 12%,
more preferably at most 10%, more preferably at most 8%,
more preferably at most 6%, even more preferably at most
5% larger than the first inner diameter of the capillary tube.

The second inner diameter of the sealing can open to an
end face of the second section with a outwardly flared
portion. The shape of that portion can also depend on the
respective deformation to happen or to be expected.

The largest diameter of the outwardly flared portion of the
sealing, particularly 1n uncompressed state, can be at least
3%, preferably at least 4%, more preferably at least 5%,
more preferably at least 6%, more preferably at least 8%,
more preferably at least 10%, more preferably at least 12%,
more preferably at least 15%, more preferably at least 20%,
even more preferably at least 30% 1n part larger than the first
inner diameter of the capillary tube.

The largest diameter of the outwardly flared portion of the
sealing, particularly 1n uncompressed state, can be at most
100%, preferably at most 50%, more preferably at most
40%, more preferably at most 30%, more preferably at most
20%, more preferably at most 15%, more preferably at most
12%, more preferably at most 10%, more preferably at most
8%, more preferably at most 6%, even more preferably at
most 5% larger than the first imner diameter (21) of the
capillary tube (20).

The maximum diameter of the sealing can be at least 1.1
times, preferably at least 1.2 times, more preferably at least
1.3 times, more preferably at least 1.4 times and even more
preferably at least 1.5 times larger than the maximum axial
length of the sealing.

The second end section of the sealing can comprise a
larger average diameter than an average diameter of the first
end section of the sealing being hosted 1n the pressure piece.

The average diameter of the second end section of the
sealing can be at least 3%, preferably at least 4%, more
preferably at least 5%, more preferably at least 6%, more
preferably at least 8%, more preferably at least 10%, more
preferably at least 12%, more preferably at least 15%, more
preferably at least 20%, even more preferably at least 30%
larger than the average diameter of the first end section of the
sealing.

The first end section of the sealing can be crimped 1nto an
end section of the pressure piece, particularly by reducing
the diameter of the end section of the pressure piece by
mechanical means.

The first end section of the sealing can be fixed 1nto an end
section of the pressure piece by a positive and/or friction fit
of the first end section of the sealing 1n the end section of the
pressure piece.

The first end section of the sealing can be fixed 1nto an end
section of the pressure piece by an adhesive between the first
end section of the sealing and the end section of the pressure
piece.
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The first end section of the sealing can be molded,
preferably injection molded, into an end section of the
pressure piece.

The average diameter of the first end section of the sealing,
can be at most 30%, more preferably at most 20%, more
preferably at most 15%, more preferably at most 12%, more
preferably at most 10%, more preferably at most 8%, more
preferably at most 6%, even more preferably at most 5%,
even more preferably at most 3%, even more preferably at
most 2% larger than an outer diameter of the capillary tube.

The sealing can comprise or can be composed of PEEK
(Polyetheretherketone) material and/or PAEK (Polyaryle-
therketone) material.

The mvention 1s also directed to a sealing per se for a plug
described before or below and/or claimed. The sealing can
be generally plug-shaped and adapted to abut and seal an end
section of a capillary tube by one first end section and to abut
and seal an 1mner face of a bushing by a second end section
opposite the first end section, and comprising at least one
inner second diameter forming a capillary through the
sealing and adapted to connect two opposing capillaries of
a capillary tube and a bushing, respectively.

The sealing can comprise at least one second inner
diameter being at least in part larger than the first inner
diameter of the capillary tube when the sealing 1s 1n an
uncompressed state.

The sealing can comprise at least one second inner
diameter, the sealing further having a maximum diameter
being larger than a maximum axial length. The further
details of these proportions of the sealing are described
above and claimed with respect to the plug.

The sealing can comprise or be composed of PEEK
(Polyetheretherketone) material and/or PAEK (Polyaryle-
therketone) matenal.

The present mnvention 1s also directed to a bushing
adapted to host a plug in accordance with the present
invention.

The bushing can comprise an inner face for hosting the
second end of the sealing when the plug 1s 1nserted 1n the
bushing, the inner face having a maximum diameter of at
least 1.4 mm, preferably at least 1.5 mm, more preferably at
least 1.6 mm and/or at most 1.9 mm, preferably at most 1.8
mm and more preferably at most 1.7 mm. A plug host
hosting the plug can be cylindrical bore or recess with the
same 1nner diameter as the maximum diameter of the
bushing’s inner face. These dimensions can reduce the force
needed to make the assembly fluid tight and thus reduce the
respective handling forces by a user.

The present mnvention 1s further directed to a connection
with the bushing and the plug as described and/or claimed.

Moreover, the present mvention i1s directed to diflerent
aspects of methods for connecting capillaries. The methods
comprise 1 any order the steps of providing at least one
capillary tube comprising at least one first inner diameter
and an open end section, providing at least one generally
plug-shaped sealing comprising at least one second inner
diameter, a first end section of generally convex shape
adapted to seal the end section of the capillary tube when
connected, providing at least one pressure piece adapted to
exert at least axial pressure and/or force to at least a part of
the sealing towards a second end section of the sealing
oriented opposite to the first end section of the sealing, the
pressure piece hosting at least the first end section of the
sealing 1n an aperture in abutment with the end section of the
capillary tube so that the first inner diameter of the capillary
tube and the second inner diameter of the sealing are
aligned.
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Additionally or alternatively to providing a sealing with
convex shape, the sealing can be provided with at least one
second 1nner diameter being at least in part larger than the
first inner diameter of the capillary tube when the sealing 1s
in an uncompressed state according to a second aspect of the
ivention.

According to an optional or additional third aspect of the
invention the sealing can be provided with a maximum
diameter being larger than a maximum axial length.

According to an optional or additional fourth aspect of the
invention the sealing 1s provided to be of annular shape and
to have at least one radial groove and the pressure piece 1s
provided to have at least one ridge engaging the groove of
the sealing.

According to an optional or additional fifth aspect of the
invention the sealing 1s provided to be of annular shape and
to have at least one radial ndge and the pressure piece 1s
provided to have at least one groove engaging the ridge of
the sealing.

According to another aspect of the invention a method can
alternatively or additionally comprise the steps of inserting
the sealing 1nto the pressure piece, moving the capillary tube
into the pressure piece or vice versa until 1t reaches and/or
abuts the sealing and crimping at least the pressure piece
onto the capillary tube. The pressure piece can also be
crimped onto the sealing as well.

The above features along with additional details of the
invention, are described further in the examples below,
which are intended to further illustrate the invention but are
not intended to limit its scope 1n any way.

BRIEF DESCRIPTION OF THE DRAWINGS

The skilled person will understand that the drawings,
described below, are for illustration purposes only. The
drawings are not intended to limit the scope of the present
teachings in any way.

FIG. 1 shows an embodiment basically in a cross-section
ol a plug connection 1n accordance with the present inven-
tion;

FIG. 2 shows another embodiment basically 1 a cross-
section of a plug in accordance with the present invention;

FIG. 3 shows a connection basically in cross-sections of
a plug and a bushing 1n accordance with the present inven-
tion;

FIG. 4 shows a sealing 1n cross-section in accordance with
the present invention;

FIG. 5 shows another embodiment basically 1 a cross-
section of a plug in accordance with the present invention;

FIG. 6 shows another embodiment basically 1n a cross-
section of a plug 1n accordance with the present invention;

FIG. 7 shows another embodiment basically 1n a cross-
section of a plug 1n accordance with the present invention;

FIG. 8 shows another embodiment basically 1 a cross-
section of a plug in accordance with the present invention;

FIG. 9 shows another embodiment basically 1 a cross-
section of a plug in accordance with the present invention;

FIG. 10 shows another embodiment basically 1n a cross-
section of a plug in accordance with the present invention;
and

FIG. 11 shows another embodiment basically in a cross-
section of a plug 1n accordance with the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following, exemplary embodiments of the mven-
tion will be described, referring to the figures. These
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examples are provided to provide further understanding of
the invention, without limiting its scope.

In the following description, a series of features and/or
steps are described. The skilled person will appreciate that
unless required by the context, the order of features and
steps 1s not critical for the resulting configuration and its
cllect. Further, 1t will be apparent to the skilled person that
irrespective of the order of features and steps, the presence
or absence of time delay between steps, can be present
between some or all of the described steps.

As used herein, including in the claims, singular forms of
terms are to be construed as also including the plural form
and vice versa, unless the context indicates otherwise. Thus,
it should be noted that as used herein, the singular forms *“a,”
“an,” and “the” include plural references unless the context
clearly dictates otherwise.

Throughout the description and claims, the terms “com-
prise”, “including”, “having”, and “contain’” and their varia-
tions should be understood as meaning “including but not
limited t0”, and are not itended to exclude other compo-
nents.

The present mvention also covers the exact terms, fea-
tures, values and ranges etc. in case these terms, features,
values and ranges etc. are used in conjunction with terms
such as about, around, generally, substantially, essentially, at
least etc. (1.e., “about 3 shall also cover exactly 3 or
“substantially constant™ shall also cover exactly constant).

The term “at least one” should be understood as meaning,
“one or more”, and therefore includes both embodiments
that include one or multiple components. Furthermore,
dependent claims that refer to independent claims that

describe features with “at least one” have the same meaning,
both when the feature 1s referred to as “the” and “the at least
one”.

It will be appreciated that variations to the foregoing
embodiments of the invention can be made while still falling
within the scope of the invention. Alternative features serv-
ing the same, equivalent or similar purpose can replace
teatures disclosed 1n the specification, unless stated other-
wise. Thus, unless stated otherwise, each feature disclosed
represents one example of a generic series of equivalent or
similar features.

Use of exemplary language, such as “for instance”, “such
as”’, “for example” and the like, 1s merely mtended to better
illustrate the invention and does not indicate a limitation on
the scope of the mvention unless so claimed. Any steps
described 1n the specification may be performed 1n any order
or simultaneously, unless the context clearly indicates oth-
Crwise.

All of the features and/or steps disclosed in the specifi-
cation can be combined in any combination, except for
combinations where at least some of the features and/or
steps are mutually exclusive. In particular, preferred features
of the invention are applicable to all aspects of the invention
and may be used 1n any combination.

The same reference numerals used for different embodi-
ments are mtended to identily parts or features of different
embodiments with the same or similar function. In case the
same reference numerals are not identified in other embodi-
ments, this 1s by no means imtended to mean that the
corresponding features designated by these reference numer-
als are not present.

FIG. 1 shows one possible arrangement of elements 1n a
plug according to the present mvention. A capillary tube 20
1s arranged as a part of the plug 10. In the embodiment
shown a plug fixing element 50 can be arranged in order to

later fix the tube 1n a bushing (not shown). It can comprise

"y

10

15

20

25

30

35

40

45

50

55

60

65

10

an outer thread (not shown) or any other fixing element to
fixedly but releasable arrange the plug in a bushing. As 1s
apparent the plug-fixing element 50 can have an 1nner
diameter, which 1s considerably larger than the outer diam-
cter of the capillary tube 20 so that the fixing element 50
extends around the capillary tube 20 with some tolerance.

Moreover, a pressure piece 40 can be arranged on a
further section of the capillary tube 20. It can be fixedly
arranged on the pressure tube, e.g. by means of crimping/
mechanical compression. The crimping can be performed in
the area of the end of the capillary tube 20.

A sealing 30 can be arranged at the end of the plug and can
abut an open end section 22 of the capillary tube 20 by a flat
face or any other face.

The capillary tube 20 comprises a first mnner diameter or
capillary 21, which can extend centrally or not centrally
through the capillary tube 20. The sealing 30 also has a
second mner diameter 31 which can have a larger or slightly
larger extent than the first inner diameter 21 of the capillary
tube 20. This can also be realized at least 1n parts of the first
inner diameter 21, such as the parts where any specific radial
force 1s exerted onto the sealing 30 when being fixed and
onto the respective section of the second mnner diameter 31.
One of such sections can be the outer end of the second 1inner
diameter 31 where the 1inner diameter 1s located 1n a second
end section 33 of the sealing. In FIG. 1 this 1s the left end
of the second inner diameter 31. In this case a outwardly
flared section 1n continuous or discontinuous form can be
formed 1nto the mner diameter 31. In case the second inner
diameter 31 1s reduced 1n case of any radial compression of
the sealing 30 the enlarged portion of the inner diameter 31
or enlarged mner diameter 31 can compensate for that in
view of the precautionary measure of diameter enlargement.
When PEEK or PEAK material 1s used for the sealing, the
flow of material may even equalize any difference in diam-
cter as long as there 1s less material than in case of equal
inner diameters 21, 31 1n the capillary tube 20 and the
sealing 30.

The sealing 30 may further comprise a first end section 32
being hosted by a corresponding aperture 41 in the pressure
piece 40 when assembled. As highlighted, a generally con-
vex structure of the sealing 30 towards the first end section
32 can provide a reliable, nevertheless compact sealing 30
which may even be replaced, 1f desired. In order to hold the
sealing 30 1n place 1n front of the capillary tube 20 and at
least 1n part within the pressure piece 40 many techniques
can be used. In the embodiment shown an end section 43 of
the pressure piece 40 can be crimped onto the capillary tube
20 and also 1n part onto the sealing. A respective little step
1s shown 1n FIG. 1. Anyhow, additionally or alternatively
there can be a positive, elastic or frictional lock between the
sealing 30 and the pressure piece 40. As an example a groove
42 1 the pressure piece 40 and a corresponding ridge 35 1n
the sealing 30 are shown engaging each other. A groove 34
in the sealing 30 can further support any axial and/or radial
forces. In particular, an axial force applied by the pressure
piece 40 can be also taken up into the sealing by the groove
34.

The face of the first end section 32 is flat or substantially
flat. Alternatively 1t can comprise a structure or texture.
The second end section 33 of the sealing 30 can comprise an
enlarged diameter forming a shoulder 36 or a plurality of
shoulders. The end of the pressure piece 40 can abut the
shoulder and find support there when the plug 1s 1nserted to
form a connection. Then at least axial pressure 1s applied
onto the shoulders 36 of the sealing 1n order to ascertain a
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proper or tight fit of the sealing 30 on a corresponding
surface of a corresponding bushing (not shown).

FIG. 2 shows a similar structure as FIG. 1. The pressure
piece 40 1s shown with a ridge 44 and the sealing 30 has a
corresponding groove 37. The ridge 44 can be annular (as
shown) or mterrupted. The groove 37 of the sealing 30 can
be either of corresponding shape or of smaller shape so that
a tight {it 1s realized when the sealing 30 1s assembled to
and/or into the pressure piece 40.

In the end section 43 of the pressure piece 40, a nndge 44,
such as an annular radially inwardly convex ridge 44, can be
provided engaging a corresponding groove 37 1n the sealing
30 in positive fashion. In this case, a crimping as described
before can be optionally implemented to fortify the connec-
tion.

The groove 37 can be inclined to the first end section 32
of the sealing and can expand into an annular sealing ridge
35. A vertical end of the groove 37 towards the second end
section 33 of the sealing 33 can be realized 1n order to allow
a tlat and large surface support of the end of the pressure
piece 40 against the shoulder 36.

This arrangement can allow a larger diameter of the
capillary tube 20 relative to the sealing 30, particularly 1ts
second end section 33, and may even be aligned with 1t. Thas
can provide a more compact and reliable sealing. This
arrangement can alternatively allow a larger diameter of the
inner diameter 31 of the sealing that 1s reduced in the
assembled state and allows a continuous or almost continu-
ous diameter when the capillary tube 20 1s kind of continued
by the inner diameter of the sealing’s inner diameter 31.

FIG. 3 shows a plug 10 as described before and a
corresponding bushing 60 the plug 10 can rest in. The
bushing 60 can be of any appropriate shape and 1s shown in
a block format for illustrative simplicity.

In the cavities or apertures 61, 64, 65 the plug 10 can be
inserted and fixedly secured, e.g., by screw threads not
shown 1n the plug fixing element 50 but showing as screw
threads 62 in the bushing 60. In the assembled condition the
plug fixing element will be hosted i1n the cavity 61. An
outwardly flared zone reduces the diameter between the
cavity 61 and the plug host 65 which may also assist 1n
inserting the plug 10 1nto the bushing 60. In the assembled
condition the end face of the second end section 33 of the
sealing will sealingly abut a corresponding inner face 67 of
the bushing 60. Moreover, a bushing capillary 66 1s formed
in the bushing 60.

In the assembled state the bushing capillary 66, the second
inner diameter 31 of the sealing and the first inner diameter
21 of the capillary tube are adapted to become aligned. The
sealing 30 1s then securely sealing the connection between
the two capillary diameters.

FIG. 4 shows a cross-section through another preferred
embodiment of a sealing 30 according to the present inven-
tion. The shoulder 36 and an outwardly flared portion 31a of
the second inner diameter 31 are shown. In the assembled
position the second end section 33 of the sealing will be
pressed into a bushing (not shown) onto the mnner face
thereof. The outwardly flared and/or conical portion 31a
allows a compensation for the contraction of the inner
diameter 31 of the sealing 30 when the plug 1s fixedly
secured 1n the bushing.

FIG. 5 shows a further embodiment of a plug 10 similar
to the one according to FIG. 1 but with a capillary 20 with
a slightly larger or larger diameter. The pressure piece 40 can
in this case exert the pressure by the topography of the end
section 43 of the pressure piece 40 and the correspondingly
shaped inner diameter of the sealing 30. Particularly the
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groove 34 of the sealing merging ito the shoulder 36 can
apply and/or convey any axial force from the pressure piece
40 1nto and/or onto the shoulder 36 when the plug 1s mserted
in the bushing (not shown).

FIG. 6 shows another embodiment with a further support-
ing structure 45. This supporting structure 45 can terminate
together with the capillary 40 but doesn’t have to. It can
turther abut the sealing 30, 1n particular the annular sealing
ridge 35. This can provide another axial support and/or axial
damping against any forces or impacts applied onto the
capillary 40 and/or supporting structure 45 around 1it.

FIG. 7 shows a further embodiment with a capillary 40
abutting against the sealing first end section 32 and a
supporting structure 45 abutting against the sealing first end
section 32. Towards the first end section 32 the diameter of
the sealing can continuously 1ncrease, such as 1n a conical
shape as shown or any other configuration. The pressure
piece 40 can have a large surface support against the
shoulder 36 of the sealing 30.

FIG. 8 shows a similar structure as FIG. 7 with no
supporting structure and the capillary 20 being surrounded
by the pressure piece 40.

FIG. 9 shows a basically cylindrically shaped sealing 30.
The first end section 32 abuts a face in the pressure piece
and/or the end of the capillary 20. As shown 1n all the other
embodiments but not mandatory a crimping of the pressure
piece 1n 1ts end section 43 can further clamp or attach the
sealing to the pressure piece 40.

FIG. 10 shows an attachment of the sealing within the
iner space or diameter of the pressure piece in order to hold
the sealing. As mentioned before, a crimping of the pressure
piece 40 1n 1ts end section 43 can further support this.

The latter two figures particularly demonstrate that the
end section 43 of the pressure piece 40 and the sealing 30 are
adapted to make 1t necessary to apply a certain axial force to
pull out the sealing 30 out of the pressure piece 40. Such
axial forces have been specified in more detail before. In
these figures frictional and/or elastical forces between the
pressure piece ensure the holding of the sealing 30 within the
pressure piece 40. In the embodiments before and below this
axial force 1s further obtained by positive locking between
the sealing 30 and the pressure piece 40.

FIG. 11 shows a sealing 30 with an inner ridge 35 formed
by an increasing outer diameter of the sealing 30 starting to
increase between the first end section and the second end
section of the sealing and can start around half the widths
thereof.

Reference numerals have just been referred to for reasons
of quicker understanding and are not intended to limit the
scope of the present mnvention 1n any manner.

What 1s claimed 1s:

1. A plug for connecting capillaries comprising:

(a) at least one capillary tube comprising at least one first

inner diameter and an open end section;

(b) at least one sealing comprising at least one second
inner diameter;

(¢) the sealing including a first end section and a generally
convex shape adapted to seal the open end section of
the capillary tube when connected;

(d) at least one pressure piece adapted to exert at least
axial pressure and/or force to at least a part of the
sealing towards a second end section of the sealing
oriented opposite to the first end section of the sealing,
the pressure piece including an aperture;

(¢) wherein the pressure piece 1s adapted to host at least
the first end section of the sealing in the aperture,
wherein the first end section of the sealing 1s 1n abut-
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ment with the open end section of the capillary tube so
that the first inner diameter of the capillary tube and the
second 1nner diameter of the sealing are aligned; and

(1) wherein the pressure piece 1s crimped onto the capil-
lary tube.

2. The plug of claim 1, 1n which the open end section
includes a flat face, and the first end section further com-
prises a generally flat face adapted to seal the open end
section of the capillary tube when connected.

3. The plug of claim 1, in which the second inner diameter
1s at least 1n part larger than the first inner diameter of the
capillary tube when the sealing 1s 1n an uncompressed state.

4. The plug of claim 1, 1n which the sealing includes a
maximum diameter being larger than a maximum axial
length.

5. The plug of claim 1, wherein the pressure piece 1s
crimped onto the sealing 1n order to hold the sealing.

6. A plug for connecting capillaries comprising;:

(a) at least one capillary tube comprising at least one first

inner diameter and an open end section;

(b) at least one sealing comprising at least one second
iner diameter, the sealing including a first end section,
a generally annular shape, and at least one radial
groove;

(c) at least one pressure piece adapted to exert at least
axial pressure and/or force to at least a part of the
sealing towards a second end section of the sealing
oriented opposite to the first end section of the sealing,
the pressure piece including an aperture;

(d) wherein the pressure piece 1s adapted to host at least
the first end section of the sealing in the aperture,
wherein the first end section of the sealing 1s 1n abut-
ment with the open end section of the capillary tube so
that the first inner diameter of the capillary tube and the
second mner diameter of the sealing are aligned, the
pressure piece mcluding at least one radial ndge engag-
ing the radial groove of the sealing;

(¢) wherein the pressure piece 1s crimped onto the capil-
lary tube.

7. The plug of claim 6, 1n which the second end section
of the sealing extends axially past an end section of the
pressure piece by at least 0.2 mm and at most 0.6 mm.

8. The plug of claim 6, 1n which the first inner diameter
of the capillary tube 1s at least 10 um and 1s at most 500 um.

9. The plug of claim 6, in which the second inner diameter
of the sealing, 1n an uncompressed state, 1s at least 3% 1n part
larger than the first inner diameter of the capillary tube and
at most 100% larger than the first inner diameter of the
capillary tube.

10. The plug of claim 6, in which the second inner
diameter of the sealing opens to an end face of the second
end section with an outwardly flared portion.

11. The plug of claim 10, 1n which a largest diameter of
the outwardly flared portion of the sealing, in an uncom-
pressed state, 15 at least 3% 1n part larger than the first inner
diameter of the capillary tube and at most 100% larger than
the first inner diameter of the capillary tube.

12. The plug of claim 6, 1n which a maximum diameter of
the sealing 1s at least 1.1 times larger than a maximum axial
length of the sealing.

13. The plug of claim 6, 1n which the second end section
of the sealing comprises a larger average diameter than an
average diameter of the first end section of the sealing being
hosted 1n the pressure piece.
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14. The plug of claim 13, in which the larger average
diameter of the second end section of the sealing 1s at least
3% larger than the average diameter of the first end section
of the sealing.

15. The plug of claim 6, in which the first end section of
the sealing 1s crimped into an end section of the pressure
piece by reducing a diameter of the end section of the
pressure piece.

16. The plug of claim 6, in which the first end section of
the sealing 1s fixed 1nto an end section of the pressure piece
by a positive and/or a friction fit of the first end section of
the sealing 1n the end section of the pressure piece.

17. The plug of claim 6, in which the first end section of
the sealing 1s fixed 1nto an end section of the pressure piece
by an adhesive between the first end section of the sealing
and the end section of the pressure piece.

18. The plug of claim 6, in which the first end section of
the sealing 1s ijection molded into an end section of the
pressure piece.

19. The plug of claim 6, 1n which an average diameter of
the first end section of the sealing 1s at most 30% larger than
an outer diameter of the capillary tube.

20. The plug of claim 6, 1n which the sealing comprises
a material selected from the group consisting of a PEEK
(Polyetheretherketone) material and a PAEK (Polyarylether-
ketone) material.

21. The plug of claim 6, 1n which the sealing 1s configured
to abut and seal an 1nner face of a bushing by the second end
section, and the bushing 1s adapted to connect the capillary
tube and a bushing capillary.

22. A plug for connecting capillaries comprising;

(a) at least one capillary tube comprising at least one first

inner diameter and an open end section;

(b) at least one sealing comprising at least one second
inner diameter, the sealing including a first end section,
a generally annular shape, and at least one radial rnidge;

(c) at least one pressure piece adapted to exert at least
axial pressure and/or force to at least a part of the
sealing towards a second end section of the sealing
oriented opposite to the first end section of the sealing,
the pressure piece including an aperture;

(d) wherein the pressure piece 1s adapted to host at least
the first end section of the sealing in the aperture,
wherein the first end section of the sealing 1s 1n abut-
ment with the open end section of the capillary tube so
that the first inner diameter of the capillary tube and the
second inner diameter of the sealing are aligned, the
pressure piece including at least one radial groove
engaging the radial ridge of the sealing; and

(¢) wherein the pressure piece 1s crimped onto the capil-
lary tube.

23. The plug of claim 22, wherein the pressure piece 1s

crimped onto the sealing 1n order to hold the sealing.

24. A method for connecting capillaries, the method
comprising:

inserting a plug into a cavity of a bushing, the plug
comprising;:

(a) at least one capillary tube comprising at least one first
inner diameter and an open end section;

(b) at least one sealing comprising at least one second
inner diameter:;

(¢) the sealing including a first end section and a generally
convex shape adapted to seal the open end section of
the capillary tube when connected;

(d) at least one pressure piece adapted to exert at least
axial pressure and/or force to at least a part of the
sealing towards a second end section of the sealing
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oriented opposite to the first end section of the sealing,
the pressure piece including an aperture; and

(¢) wherein the pressure piece 1s adapted to host at least
the first end section of the sealing in the aperture,
wherein the first end section of the sealing 1s 1n abut- 5
ment with the open end section of the capillary tube so
that the first inner diameter of the capillary tube and the
second 1nner diameter of the sealing are aligned; and

(1) wherein the pressure piece 1s crimped onto the capil-
lary tube; and 10

securing the plug to the bushing where an end face of the
second end section of the sealing sealingly abuts a
corresponding inner face of the bushing.

25. The method of claim 24 further comprising:

applying an axial holding force of at least 80 N with the 15
pressure piece to the sealing.
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